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CHAPTER I . INTRODUCTION
Nuc lea r  Phys i cs  i n  a  I n l i c roscop i c  App roach .
"Why do nucleons behave l ike nucleons inside nucle i  and not  l ike peas in a
m e s o n  s o u p ? " i ) 1  c . n .  B r o v m )
Many  p rope r ! i es  o f  f i n i t e  nuc le i  a re  desc r i bed  by  e f f ec t i ve  po ten t i a l s .  The
nuc lea r  she l1 - rnode l  p rov i des  a  good  examp le .  I t  i s  a  ve r y  success fu l
desc r i p t i on  o f  nuc lea r  sE ruc tu re ,  based  on  t he  i dea  t ha t  t he  nuc leon  i n  a
nuc leus  moves  i n  a  s i ng le -pa r t i c l e  po ten t i a l  a r i s i ng  f r on  i t s  i n t e rac t i on  w i t h
a l l  t he  o the r  nuc leons .  By  compar i ng  she l1 -node1  p red i c t i ons  w i t h  expe r i nen ta l
nuc lea r  spec t ra ,  t h i s  s i ng le -pa r t i c l e  po ten t i a l  can  be  de te rm ined  phenomeno -
1og i ca11y .  A , l t hough  such  a  p rocedu re  has  p roved  i t s  r e l i ab i l i t y  i n  many
p rac ! i ca1  app l i ca t i ons ,  l he  goa l  r ema ins  t o  de r i ve  t he  e f f ec t i ve  i n t e racE ion
m ic roscop i ca l - 1y  f r om the  f undanen ta l  nuc leon -nuc leon  (NN)  i n t e rac t i on .  Such  a
m ic roscop i c  app roach  usua l l y  p roceeds  as  f o l l ows .  The  f r ee  two -nuc leon
po ten t i a l  i s  de te rm ined  f r on  NN-scaE te r i ng  da ta  t oge the r  w i t h  t he  p rope r t i es
o f  che  deu te ron .  The  p rope r t i es  o f  l he  l i gh tes t  nuc le i  ( 3 t t  and  3He )  and  o f
nuc lea r  ma tEe r ,  p red i c t ed  by  spec i f i c  NN-po ten t i a l  node l s  a re  a l so  o f
i nEe res ! .  Fo r  t he  t h ree -nuc leon  sys tem these  may  be  ca l cu l a ted  us i ng  t he
Fadeev  equa t i on .  AE  t he  o the r  ex t r eme ,  nuc lea r  ma ! t e r  i s  t he  hypo the t i ca l
ex l r apo la l i on  o f  t he  f i n i t e  nuc leus  f o  i n f i n i t e  ma t t e r  a t  t he  obse rved
sa tu ra t i on  dens i t y ,  w i ch  equa l  number  o f  neu t rons  and  p ro tons  (  f o r  wh i ch  t he
cha rge  i s  assumed  t o  be  t u rned  o f f ) .  The  b i nd ing  ene rgy  o f  nuc lea r  oa t t e r  i s
g i ven  by  t he  vo lume  l e rm  i n  t he  sen i - enp i r i ca l  nuc lea r  mass  f o rmu la ,  EB=  -16+1
!1eV .  F rom e lec t r on  sca t t e r i ng  da ta  f o r  heavy  nuc le i  i t  appea rs  t ha t  t he
|  , ^ - ^ i  1 , ,  i ^  
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. .  cons tan !  ( p=0 . f 6  f r n  - )  ove r  a  w ide  range  o f  nuc le i .  The
ob jec t  o f  t he  exe rc i se  i s  t o  de te rm ine  t o  v / ha t  ex ten t  l he  mode l  o f  t he  two -
nuc leon  po ten t i a l  can  p red i c t  t hese  sa tu ra t i on  p rope r t i es .  The  advan tage  t ha t
n u c l e a r  m a t t e r  o f f e r s ,  i s  t h e  v e r y  c o n s i d e r a b l e  s i m p l i f i c a t i o n  r e s u l t i n g  f r o m
work i ng  w i t h  p l ane -wave  nuc leon  s ta tes .  As  a  f i na l  s t ep ,  t he  mode l  t ha !  has
p roved  i t s  success  i n  t he  two -nuc leon  sys tem and  i n  t he  i n f i n i ce  nuc lea r
- 1 0 -
na t t e r ,  can  be  app l i ed  t o  f i n i t e  nuc le i ,  e i t he r  Eo  s tudy  nuc lea r  s t r uc tu re
p rope r t i es  o r  f o r  exanp le  p ro ton -nuc leus  sca t t e r i ng .
I n  many  non - re l a t i v i s t i c  mode l s  t he  two -nuc leon  i n t e rac t i on  i s
pheno rneno log i ca l l y  de te rn i ned  f r o ro  NN-sca t t e r i ng  resu l t s .  Howeve r  t he  l ong
range aEtract ive part  of  the interacEion is  understood in terrns of  che Yukar^ra
t h e o r y  o f  t h e  e x c h a n g e  o I  a  s i n g l e  p i o n .  T h e  R e i d - S o f t - C o r e  p o t e n t i a l 4 ) ,
w ide l y  e rop loyed  i n  t he  seven t i es ,  p rov i des  an  examp le  o f  such  a
phenomeno log i ca l  NN- i n te rac t i on  con ta i n i ng  t he  one -p ion -exchange (0PE)  l ong -
range  t e rn .  One  o f  i ! s  successo rs ,  t he  Pa r i s  po ten t i a l 5 )  i nc l udes  t he  e f f ec t
o f  two -p ion -exchange ,  eva luaEed  i n  a  d i spe rs i on  mode l '  Th i s  mechan i sm i s
responsab le  f o r  Ehe  rned i t r l n  r ange  a t t r ac t i on  o f  Ehe  NN- fo r ce .  He re  t oo  Ehe
sho r t - r ange  repu l s i ve  pa r t  o f  t he  i n t e rac t i on  i s  desc r i bed  phenomeno log i ca l l y .
T h e  s t r o n g  n a t u r e  o I  E h e  p o t e n l i a l ,  a n d  i n  p a r t i c u l a r  i f s  v e r y  r e p u l s i v e
co re ,  necess i t a te  app roach ing  t he  p rob le rn  ( even  i n  t he  re l aE i ve l y  s imp le  case
o f  nuc lea r  na t t e r )  i n  a  non -pe r t u rba t i ve  se l f - cons i s t en t  f r ame i t o r k .  The  rnos t
w ide l y  used  has  been  t he  B rueckne r -BeEhe -Go fds to r , "  r odu16 )  wh i ch  e rnphas i zes  a
pa r t i cu l a r  summat i on  t o  a l l  o rde rs  o f  se l ecEed  d i ag rams  i n  nany -body
pe r tu rba t i on  t heo ry .  I t - s .  p red i c t i ons  ag ree  w i t h  t hose  ob ta i ned  i n  r ecen t
va r i a t i ona l  ca l cu l a t i on " ' J .  A  n i ce  s ta l us  r epo r t  on  t hese  bo th  app roaches  has
recen t l y  been  g i ven  by  J " ckson8 )  '  Ne i t he r  app roach  has  succeeded  i n
rep roduc ing  t he  sa tu ra t i on  p rope r t i es  o f  nuc lea r  ma t t e r .  Depend ing  on  t he
phenomeno log i ca l  po ten t i a l  chosen  one  f i nds  b i nd ing  ene rg ies  pe r  pa rE i c l e
va ry i ng  f r o rn  8  MeV  to  abou t  22  MeV  a t  dens i t i e s ,  exp ressed  i n  t e rms  o f  t he
fe r rn i  mo roen tu rn  k , .  ( p=  2k r / 3n2 ) ,  be tween  k r=  t . I  fm -1  and  2 .0  f r a -1 .  A11  t he
sa tu ra t i on  po in t s  so  ob ta i ned  1 i e  on  a  na r row  band .  Mo reove r  f h i s  so - ca11ed
Coes le r - l i ne  l i e s  f a r  f r oo  t he  enp i r i ca l  po in t .  coes te r  sho ted9 )  t ha t  l he
obse rved  d i sc repanc ies  i n  t he  sa tu ra t i on  po in t s  d i d  no t  o r i g i na te  f r om
d i f f e rences  i n  t he  NN-phasesh i f t  desc r i p t i on ,  bu t  i s  p r i r na r i l y  de !e rm ined  by
the  s t r eng th  o f  l he  t enso r  pa r t  o f  l he  NN- i nEe rac t i on .
I n  t h i s  sense  t he  B rueckne r  schene  may  be  rega rded  as  on l y  pa r t i a l l y
success fu l .  (  Th i s  r emark  a l so  app l i es  t o  l he  va r i a t i ona l  app roaches  based  on
pu re l y  r i ^ / o -nuc leon  po ten t i a l s ) .  Qua l i t a t i ve l y ,  howeve r ,  i t  con ta i ns  two
impo rEan t  i ng red ien t s  i n  ou r  unde rs tand ing  o f  t he  nuc lea r  r nany -body  p rob lem.
The  f i r s t  i s  t ha !  t he  e f f ec t  o f  l he  nuc lea r  med ium on  a  spec i f i c  nuc leon  can
be  desc r i bed  by  a  s i ng le -pa r t i c l e  po ten t i a l ,  wh i ch  can  be  se l f - cons i sEen t l y
-  r t  -
de te rm ined  f r om the  two -nuc leon  i n t e rac t i on .  The  second  i s  t ha t  i t  t akes  i nEo
accounE the ef fect  of  the Paul i  pr inci .p le when descr ib ing nucleon-nucleon
sca t t e r i ng  w i f h i n  t he  nuc lea r  med iun ,  whe reby  i n t e rmed ia te  sca t t e r i ng  sLa tes
may be "b1ocked" by the presence of  other nucleons of  the mediurn in these
Moreove r  i s  i s  now  rea l i zed  l ha t  ce r t a i n  f ea tu res  o f  t he  nuc lea r  p rob len
can  on l y  be  desc r i bed  by  go ing  beyond  t he  non - re l a t i v i s t i c  sem i . -
pheno rneno log i ca l  app roach  ske t ched  above ,  I n  t he  f i r s t  p l ace  t he re  i s  t he
e f f ec t  o f  t he  meson  exchange  cu r ren t s .  The re  ex i s t  by  now  c l ea r  i nd i ca t i ons
that  charged exchanged v i r tual  mesons,  which are the quanta of  the nucleon-
nuc leon  f o r ce ,  i n f l uence  t he  e l ec t r omagne t i c  r esponse  o f  t he  . r . r " 1u , r " l 0 ) .
Second l y ,  i n  e l ec t r omagne t i c  as  we l l  as  i n  p i on i c  r eac t i ons  t he  impo r tance  o f
v i r t ua l  nuc leon i c  i soba r  s t a tes  has  been  . o r , f i r r ud1 l , 12 ) .  Many  nuc leon i c
i soba rs  a re  obse rved ,  o f  wh i ch  t he  mos t  impo r tan t  i s  t he  L (3 /2 - , 3 /2 ) .  I t  i s
t he  l owes t  i n  mass  (  m^= l . 23  CeV /cz )  and  i s  seen  as  a  s t r ong  resonance  i n  nN-
sca t l e r i ng .  These  i soba rs  a re  conven ien t l y  exp la i ned  i n  a  qua rk  mode I ,  whe re
the  nuc leon  compr i ses  t h ree  qua rks  i n  r he  g round  s ta te ,  and  t he  i soba rs  a re
exc i t ed  sEa tes  o f  t h i s  t h ree -qua rk  sys tem.  The  A - i soba r  i s  t houghE  to  p l ay  an
essen t i a l  r o l e  i n  r - nuc leus  reac t i ons  and  i n  p i on  p roduc t i on .  I n  nuc lea r
ma tEe r ,  i n c l us i on  o f  t he  A -s ta l es  o f f e r s  a  poss ib l e  way  t o  i nco rpo ra te  ce r t a i n
1 ? \
c h r e e - b o d y  f o r c e s " / ,  (  i . e ,  F o r c e s  E h a E  c a n n o E  b e  o b t a i n e d  b y  a  p a i r w i s e
sumrna t i on  o f  t he  i n t e rac l i ons  be tween  Ewo  i so l a ted  nuc leons ) .  These  t h ree -body
fo r ces  p l ay  a  ve ry  i r npo r t an t  r o l - e  i n  non - re l a t i v i s t i c  nuc lea r  na t l e r  t heo ryS ) .
S ince  t he  two -body  f o r ces  we re  noE  ab le  co  rep roduce  t he  co r rec t  sa tu raE ion ,
i t  was  pos tu l a ted  t ha t  dens i t y -dependen t  t h ree -body  f o r ces  m igh !  r e rnedy  t he
obse rved  d i sc repancy l4 ) .  a r  t he  phenomeno log i ca l  l e ve l  such  t h ree -body  t e rms
were  shown  capab le  o f  g i v i ng  t he  e rnp i r i ca l  sa tu ra t i on  po in t  o f  nuc lea r  ma t t e r .
The  behav iou r  o f  nuc lea r  ma t t e r  f a r  f r om  i t s  sa tu ra t i on  po in t  has  become  a
sub jec t  o f  g rea t  i n t e res t  i n  t he  f i e l ds  o f  r e l a t i v i sE i c  heavy - i on  phys i cs  and
a s E r o p h y s i c s ,  i n  p a r t i c u l a r  t h e  p r o p e r t i e s  o f  n u c l e i  i n  h i g h l y  c o m p r e s s e d  a n d
h e a t e d  s E a t e s .  I n  t h e  c a s e  o f  a s t r o p h y s i c s  f o r  e x a n p l e  t h e  e q u a E i o n  o f  s t a ! e
o f  neu t ron - r i ch  nuc lea r  ma t t e r  i s  t he  bas i c  i ng red ien t  f o r  che  s tudy  o f  t he
dynam ics  o f  supe rnova  and  t he  f o rma t i on  o f  neu t ron  s ta r s .  I t  i s  obv ious  t ha t
pheno rneno log i ca l  non - re l a t i v i s t i c  nany -body  t heo r i es  canno t  be  app l i ed  i n
t h e s e  h i g h l y  r e l a t i v i s t i c  r e g i m e s .
-  l - t  -
The  l as t  f i fEeen  yea rs  have  w i t nessed  ex tended  e f f o r t s  Eo  deve lop  a  f i e l d -
t heo re t i ca l  desc r i p t i on  o f  t he  nuc leon -nuc leon  i nEe rac t i on  and  i t s  app l i ca t i on
to the nuclear many-body problem, inc luding mesonic and isobar ic degrees of
f r eedom.  I n  such  a  r e l a t i v i s t i c  f i e l d - t heo reE i ca l  f r anework  l he  NN- fo r ce  i s
en t i r e l y  desc r i bed  by  t he  exchange  o f  r oesons ,  A  recen t  r ev i ew  o f  t h i s  app roach
has  been  g i ven  by  Mach le i d t l 5 ) .  Sy  t h "  seven t i es  a l l  l ow -ene rgy  NN-phasesh i f t s
were reproduced by a fu1ly covar iant  one-neson-exchange model  in momentum
space  (  o r  i n  coo rd i na te  space f6 ) ; .  Uany  ex tens ions  o f  t h i s  r node l  have  been
s tud ied .  We  men t i on  i n  pa r t i cu l a r  l he  wo rk  o f  t he  Bonn  g roup ,  whose  po ten t i a l
inc ludes Ehe One-Boson-Exchange diagrarns,  corre laEed rnul t i -neson-exchange
con t r i bu t i ons ,  and  con t r i bu t i ons  f r om v i r l ua l  A - s ta tes lT ) .  The  i n f l uence  o f
the A-states on the nucleon-nucleon interact ion has been studied by nany
o the rs ,  mos t  r ecen t l y  by  Van  Faassen  and  t j on lS ) .  I n  t he i r  NN-NA  coup led -
channe l  app roach ,  a l l  NN-sca t t e r i ng  obse rvab les  a re  ca l cu l a ted  up  t o  1  GeV  i n
the  l - ab .  f r ame .  Ve ry  r easonab le  ag reenen !  was  f ound .  A l so  pa r t i cu l a r  f ea l u res
in medium energy NN-scaEter ing,  which one was forced to ignore in previous
OBE- roode1s ,  l i ke  pseudo - resonance  s t r uc tu res  i n  seve ra l  phase  sh i f t s  and  o f
cou rse  t he  i ne l as t i c i t i e s ,  r , r e re  be t t e r  r ep roduced  a fEe r  i nc l us i on  o f  t he  A -
i s o b a r .
Wi lh respect  to lhe nuclear nany-body problern i t  was known since 1956 f rom
the  wo rk  o f  D , re r r l 9 )  t ha t  nuc lea r  sa tu ra t i on  and  many  p rope rE ies  o f  f i n i t e
nuc le i  cou ld  be  desc r i bed  by  means  o f  a  sca la r  and  vec to r  r oeson  f i e l d  l heo ry .
Th i s  i dea  has  been  app l i ed  by  nany  au lho rs  f o  bo th  nuc lea r  ma t t e r  and  f i n i l e
nuc le i .  A  sho r t  h i s t o r i ca l  r ev i ew  can  be  f ound  i n  t he  recen t  a r t i c l e  by  Se ro t
and  wa1eck "20 ) .  The  mean  f i e l d  t heo ry  o f  Wa lecka  i s  a l so  based  on  a
(renorrnal izable)  rnodel  of  vecEor and scalar  nesons,  Walecka and coworkers
e rophas i ze  s t r ong l y  t he  i npo r t ance  o f  r eno rma l i zab i l i t y ,  s i nce  i n  meson  f i e l d
t heo ry ,  due  t o  t he  s t r ong  coup l i ngs  cons tan l s ,  one  de le r rn i nes  on l y  t he
reno rna l i zed  coup l i ng  cons tan t s ,  e i t he r  i n  t he  vacuum o r  i n  a  many -body
sys tem.  I n  t he  end  t he  va lues  t ha t  Wa lecka  ob ta i ned  f o r  t he  meson -pa rane te r s
i n  h i s  s t udy  on  h i gh  dens i t y  nuc lea r  maE le r  we re  no l  t oo  d i f f e ren t  f r on  t he
co r respond ing  pa rane te r s  i n  OBE NN-node1s .
M i1 l e r  a . r d  G ree . , 21 )  and  l a t e r  B rockman  and  I n l e i se22 )  d " ro . r " a . " t ed  t ha t  a
re l a t i v i s t i c  Ha r t r ee -Fock  mode l  based  on  an  OBE-po ten t i a l  cou ld  p rov i de  a
reasonab le  desc r i pE ion  o f  t he  p rope r t i es  o f  sphe r i ca l  nuc le i .  Re la t i v i s t i c
-  l J  -
[ I a r t r ee -Fock  ca l cu l a t i ons  have  a l so  been  app l i ed  t o  nuc lea r  and  neu ! ron  ma t t e r
by  Ho row i t z  . nd  Se .o t23 ) .  They  f u r t he rmore  exEended  t he  s i gma-omega  mode l  t o  a
re l a t i v i s t i c  B rueckne r  app roach .  Sho r t l y  be fo re ,  a  s im i l a r  ca l cu l a t i on  had
been  pe r f o r roed  by  Shak in  and  co l1 "bo r r co rs24 ) ,  who  used  a  vacuum oBE
in te rac t i on  t o  ca l cu l a te  i n  a  B rueckne r  scheme  (  howeve r  no t  f u l I y  se l f -
: ons i s t en t l y )  t he  two -nuc leon  co r re l a t i ons  i ns i de  nuc lea r  ma t t e r .  These
:a l cu l a t i ons  we re  l aEe r  r e f i ned  by  B rockmann  and  Mach le i d t25 ) .
The  re l a t i v i s t i c  many -body  app roaches  es tab l i sh  t he  impo r tance  o f  r he
Erea tnen t .  o f  a  nuc leon  i ns i de  a  nuc lea r  med i r . rm  as  an  e f f ec t i ve  D i rac  pa r t i c l e ,
^ ' he re  t he  i n f l uence  o f  t he  coup l i ng  o f  a l l  t he  su r round ing  nuc leons  i s
: xp ressed  by  an  s i ng le -pa r t i c l e  i nEe rac t i on  o r  a  se l f - ene rgy ,  wh i ch  has  a
' . o t en t z  
s t r uc tu re  w i t h  l a rge  sca la r  and  vecEo r  componen ts  (  w i t h  a  magn i t ude
In  l he  o rde r  o f  hund reds  o f  MeV)  w i t b  oppos i t e  s i gn  and  Ehus  pa r t i a l l y
: ance l1 i ng .  The  use  o f  d ressed  D i rac  wave  f unc t i ons  i n  such  re l a t i v i sE i c
l r ueckne r  schemes  p rov i des  a  new  sa tu ta l i on  mechan i sm fo r  nuc lea r  macEe r ,  i n
) e E t e r  a g r e e m e n E  w i t h  c h e  e m p i r i c a l  s a t u r a E i o n  p o i n t  t h a n  E h e i r  n o n -
: e l a t i v i s t i c  p r e d e c e s s o r s .  T h e  i d e a  o f  a  s i n g l e - p a r E i c l e  i n E e r a c c i o n  w i t h  a
- o r e n t z  s t r u c t u r e  h a s  a l s o  b e e n  a p p l i e d  t o  p r o f o n - n u c l e u s  s c a t t e r i n g  a t
L n t e r m e d i a t e  e n e r g i e s .  T h e  s u c c e s s f u l  d e s c r i p t i o n  o f  t h e  s p i n  p r o p e r t i e s  o f
: hese  reac t i ons  has  s t i nu l a ted  t he  s tudy  o f  Ehe  i r opo r t ance  o f  r e l a ' " i v i s t i c
rpp roaches  t o  nuc lea r  phys i cs .  Howeve r ,  t he  ques t i on  whe the r  such  re l aL i v i sE i c
rpp roaches  a re  necessa ry  f o r  desc r i b i ng  p ro ton -nuc leus  sca t t e r i ng ,  i .  e .
vhe the r  a  mo re  soph i sc i ca ted  non - re l a t i v i s t i c  app roach  rn i gh t  no t  be  equa l l y
; o o d  h a s  r e c e n t l y  b " . r ,  r r i s . d 2 6 ) .
I n  t h i s  t hes i s  two  sub jec t s  o f  i n t e resE  a re  comb ined :  Ehe  ro l e  o f  Ehe  A -
Lsoba r  i n  a  nuc lea r  med ium toge the r  w i t h  Ehe  behav iou r  o f  nuc lea r  ma ! t e r  f a r
: r o m  s a t u r a t i o n ,  p a r c i c u l a r l y  a L  h i g h  d e n s i t i e s  a n d  t e m p e r a t u r e s .  T h e s e
L n t e r e s E s  1 e d  u s  i n e v i t a b l y  t o  a  r e l a t i v i s t i c  f i e l d - t h e o r e t i c a l  a p p r o a c h ,  I n
: he  rema inde r  o f  t h i s  i n t r oduc t i on  we  w i l l  b r i e f l y  d i scuss  t he  rna in  l i ne  r haE
-s  f o l l owed  i n  t he  success i ve  chap te r s .  A  rno re  ex tens i ve  i n t r oduc t i on  t o  f he
l i f f e ren t  sub jec t s  i s  g i ven  a t  t he  beg inn ing  o f  each  chap te r .
To  s tudy  t he  i n f l uence  o f  A -s taEes  i n  nuc lea r  ma t t e r  a  compar i son  has  been
rade  be tween  a  pu re l y  nuc leon i c  mode l  and  a  mode l  t ha t  con ta i ns  A -deg rees  o f
. r eedou r .  The  f r ee  two -body  OBE i n te rac t i ons  a re  de te rm ined  i n  chap te r  2 .  The
' e d u c e d  c o u p l e d - c h a n n e l  B e t h e - S a l p e t e r  e q u a L i o n  t l r a L  i s  a p p l i e d  i n  t h i s
-  L 4  -
chap te r  i . s  ve r y  s i r n i l a r  t o  t he  quas i - po ten ! i a l  l i r n i t  o f  t he  wo rk  o f  Van
F a a s s e n  a n d  T 3 o n 1 8 ) '  I n  g e n e r a l ,  r e l a t i v i s c i c  f i e l d  t h e o r y  t r e a t s  p a r E i c l e s
and  an t i - pa r l i c l es  on  t he  sa rne  f oo t i ng .  We  sha11  howeve r  r es t r i c t  ou r se l ves  t o
the  pos i t i ve -ene rgy  ba ryon i c  s t a tes .  Th i s  app rox i r na t i on  t u rns  ou t  t o  be  ve ry
re1 iab1e ,  i n  NN-sca t t e r i ng  as  we l l  as  i n  t he  nuc lea r  r nany -body  sys ten .  The
e f f ec t  o f  an t i - pa r t i c l e  s t a fes  on  t he  NN- i n te racE ion  seems  t o  be  ve ry  s rna l l ,
as  was  a l r eady  sugges ted  by  t he  app l i cab i l i t y  o f  any  non - re l a t i v i s t i c  t heo ry .
ou r  r esu l c i ng  vacuuD  mode l  can  eas i l y  be  re l aEed  Eo  a  cova r i an t  ex l ens ion  o f  a
Lippmann-Schwinger equat ion.  In chapter 2 we exarnine the dynanical-  or ig in of
t he  decay - r ^7 i d th  o f  t he  A .  Th i s  decay -w id th  i s  d i r ec l l y  r e l a ted  Eo  a  se l f -
ene rgy  con t r i bu t i on  t o  t he  A -s ta te  t ha t  o r i g i na tes  f r om the  v i r t ua l  coup l i ng
o f  a  ba re  A  t o  iEs  decay -channe l .  Th i s  i s  s t ud ied  i n  de ta i l ,  because  i n
nuc lea r  xna t t e r  t h i s  se l f - ene rgy  cou ld  be  s i gn i f i can t l y  a f f ec ted  and  t he reby
a l t e r i ng  l he  i n f Luence  o f  l he  A  compared  t o  t he  vacuun  case .
Fo l l ow ing  t he  sys tena t i c  p rocedu re  t ha t  was  ske t ched  a t  Ehe  ve ry  beg inn ing
o f  Eh i s  i n t r oducE ion ,  i n  chap te r  3  we  app l y  t he  two -body  poEen t . i a l  de te r rn i ned
by  us  Eo  t he  sys tem o f  i n f i n i t e  nuc lea r  ma t t e r .  The  re l a t i v i s t i c  D i r ac -
B rueckne r  (DB)  app roach  t ha t  we  use  can  be  seen  as  a  ve ry  na tu ra l  ex tens ion  o f
Ehe  vacuun  Be the -Sa lpe te r  equaE ion .  The  f u l 1  node1 ,  i nco rpo ra t i . ng  t he  A -
deg rees  o f  f r eedom i s  o f  cou rse  more  e l abo ra te ,  The  nuc leon i c  pa r t  o f  t he
rnode l  w i l l  t u rn  ou t  t o  be  ve ry  s i r op le  and  appea l i ng .  I t  comb ines  an  accu ra te
desc r i p t i on  o f  l ow -ene rgy  NN-phase  sh i f t s  n i t h  an  adequa te  r ep roduc t i on  o f  t he
nuc lea r  na t t e r  sa tu ra t i on  p rope rc i es .  I t  can  t he re fo re  be  assu roed  t o  p rov i de
a n  a p p r o p r i a t e  s t a r t i n g  p o i n t  f o r  t h e  s t u d y  o f  n u c l e a r  m a t L e r  f a r  f r o m
s a t u r a t i o n .  T n  f a c  t ,  t h e  f u I l  m o d e l  c o n f i r m s  L h e  r e l i a b i l i  c y  o f  s u c h  a n
app roach .  The  i nc l us i on  o f  A  deg rees  o f  f r eedon  does  no t  change  t he  essen t i a l
f eaEu res  o f  t he  DB- rnode l ,  i n  wh i ch  t he  D i rac  s taLe  o f  l he  nuc leon  i s  s t r ong l y
i n f l uenced  by  l he  l a rge  se l f - ene rgy  componen ts ,  r esu l t i ng  i n  s t r ong
enhancenen t  o f  t he  l owe r  componencs  o f  t he  D i rac  sp ino r .
I n  chap te r  4  we  use  t he  saDe  app roach  Eo  ca l cu l a te  t he  s i ng le -pa r t i c l e
i n te rac l l on  o f  a  nuc leon  w i f h  an  ene rgy  above  t he  nuc lea r -naE te r  Fe rm i
su r f ace .  The  ca l cu l a ted  se l f - ene rg i es  can  be  re l a ted  t o  a  non - re l a t i v i s t i c
op t i ca l  po ten t i a l .  we  emphas i ze  Ehe  med ium e f f ec t s  on  t he  nuc leon  se l f - ene rgy .
rn  ou r  r e ra l i v i sE i c  t r ea tmen t  iE  appea rs  t ha t  t he  med iu rn  e f f ec t s  a re
i m p o r E a n L ,  t h e r e f o r e  p u t t i n g  i n L o  q u e s t i o n  t h e  a p p l i c a b i l i t y  o f  t h e
-  l )  -
Re la t i v i s t i c  Impu l se  App rox ima t i on  (R IA )  i n  t h i s  ene rgy  reg ime .  I n  sone
respec t  t h i s  t hes i s  can  be  seen  as  a  s t a tus  r epo r t .  The  naEu ra l  ex tens ion  o f
t he  s tudy  o f  t he  s i ng le -pa r r i c l e  i n t e rac t i on  t o  such  h i ghe r  ene rg i es  whe re  l he
e f f e c t  o f  t h e  A  m a y  b e  e x p e c t e d  t o  m a n i f e s t  i t s e l f ,  v i 1 l  b e  p e r f o r m e d  i n  r h e
n e a r  f u t u r e .
Ho t  and  dense  nuc lea r  ma t t e r  w i l l  be  sEud ied  i n  chap te r  5 .  As  we  p rev i ous l y
s t a t e d  t h e r e  i s  a  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  e q u a t i o n  o f  s t a t e  o n  t h e  p a r t
o f  t hose  engaged  i n  r e l a t i v i s t i c  heavy - i on  phys i cs  and  i n  asE rophys i cs .  We
sha11  p resen t  t he r rDodynam ica l  p rope r t i es  o f  nuc lea r  ma ! t e r ,  bu t  a l so  t he
tempe raEu re  dependence  o f  t he  s i ng le -pa r t i c l e  po ten l i a l  o f  a  nuc leon  i n
nuc lea r  ma t t e r .  Tempera tu re  i s  i nc l uded  i n  ou r  r node l  by  means  o f  t he  f i n iEe -
t empe ra lu re  G reen rs  f unc t i on  f o r rna l i s rn  f o r  t he  nuc leons .  I t  t u rns  ou t  t ha t  t he
resu l t i ng  se t  o f  B rueckne r - l i ke  equa t i ons  rema ins  ve ry  s im i l a r  Eo  Che  T=0
The  f i na l  chap te r  w i l l  p resen t  conc lus i ons  d rawn  f r on  t h i s  wo rk  and  sugges t
d i r ec t i ons  t ha t  f u r t he r  i nves t i ga t i ons  n i gh !  t ake .
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